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patented invention that may ia any wvay be relmted
thereto.

"
SEL

o

it

Y
« A e

ia 2l

PR
ATy

T "
P A M )

BEeSe

»
»
0 ‘: L)
' .
:?‘ +

' e o g0 o
Y
Aax &N
-

L
£
.

AL st

L
.

I

v
e P TN

M
9 .
L "
» {
=2
: L}

] -
. ¢ >
SRR i

o I ,
. i .
3 »
", I3 -
PR )
- .
s z N
Lv. I (

.

e
(i o

% i — -—
b~ — .

-
- SRR AT R D T T T R L e SR T T
"""""" O T L e N NG IR - FPRC N S T T .",.'.F., P R S
L LN T Y R Y O A R PR R e S R .
<. IR A T e TR S D I A NPPEAIE YT RNt YU DT . I WL UL IR e W e
c o ld hoad i tm o tam L Aa. =




R S - N ————— AR T R AL A e di M mow_ W W g W W T AT X
rw"--""v’v"—.'—..'—.vl"‘w:"‘:"-‘“w'rvr—'._‘l'-ff-" B A e W alivhe IS S EAl PR ACE R A R T T T T ATV R Lareh St A SN S R
PRI - N R

4
ial

PEEE N RS |
SR e x
L

LI

w "
U. S. ARMY
“TRANSPORTATION RESEARCH COMMAN:

e
- - A

Y

r,

*
F CFORT EUSTIS, VIRGINIA T
<r. | .
: — “ :
N g ~
3 S 3
j 4 TCREC TECHNICAL REPORT 62-72 A

3]

A AD No

~HELICOPTER STATIC-ELECTRICITY MEASUREMENTS 7

3

LS I LIRS
Tl )

DATRI ANTL
ATALC

INTERIM REPORT

v

ol

Task YR38-01-017-30 K

«

June 1962

i ST
Sl ]
-1

I

- Y . v LA
fy *e ;‘ ?“' A

ASTIA
[T T T

I3
[
oo

H SR
LT

i e - aas

ey e tw e e Lt LT Ty e e e T A - . T T T cL e m s ams T T R O A N P I e R
e v TR TR LT e e e T T T T T Y L “ m Mok - PR I e e B TN S
R T Tl e AR o -t " IR - . T e e T LSRR
e, - A L. - e - . e L B R ) - . St et e R R ) PR

o Tt - o

“ B . LS -~ S .
. » PSR AT S SV S SN, S P, AU NSNS SIS Yhu S SN, SRS Sty P TSN VT S . U IR Ry SRR OE. S-S R SR e A, SRV SN




4

B ’Jﬁfl;’l»r’t-'!.]". "

K3

¥

T

|

Catr B Tl iic e
LearViamy

>

TaT

.
A

.

AN IS

NP

.
3

[

ASTIA AVAILABILITY NOTICE

- .

Qualified requesters may obtain copies of this report from

Armed Services Technical Infermation
Arlington Hall Station
Arlington 12, Virginia

Agency

This report has been released to
U. S. Department of Commer.e,
the general public.

the Office of Technical Services,
Washington 25, D. C., for sale to

The information contained herein will not be

used for adve rtising
purposes,

The findings and recommendations contained

in this report are those
of the preparing agency and do not necessaril

y reflect the views of the

.
»

T,

4
4

- - e
v PEL R
N

- Chief of Transportation or the Department of the Army,

¥

)

.i

’

‘ .-, LR S P T Rt N} 'h:‘u:“,- .
" P e —--T}‘ — ..-.~’: n :—.“f‘-"--' .‘:‘. ‘._.‘ .-' :_' : -,:.’ . _,-- . ,"- ,:" AN '.',’.'_"‘,"v'\‘:' T

»
)y
-

By B APig

e e
| PRGN A

L8

L.

L

e -
QPR

PSSR P

LN

AL N S 1

o

- I
PP S T TP S DN

e A

Bavty I 2 S PR g NN 0




.M

A A
“ 1'."

L et aam

LI it al
LI A

vy
=’ a %

-
i

r
- e A

»

) R s S S0 SIS

ey

S u
ki
* .

r g

7

IR e g
¥
A

X

»

s i

0

pos

(VO
PO NG S BN

A"

e
(3

LYY,y
LV

T BT

RPN

-.'l‘l
e st O

2 T
Salt?
«

TR

L A e e
PR LR

SR R

NS

1
]

2

e T
ST AN ITTINTS
-
P .
.,, “ -
* . 4'
T ’ .
. .

L

DEPARTMENT OF THE ARMY-
TRANSPORTATION CORPS

INTERIM REPORT

Task 9R38-01-017-30

HELICOPTER STATIC-ELECTRICITY MEASUREMENTS

3une 1962

by
James M, Seibert

U. S. ARMY TRANSPORATION RESEARCH COMMAND

Fort Eustis, Virginia

e+t —————r e

C . - B P R T JUr

| N AR LR P T -.ﬁ‘-'\' L N R R R R
- - * g .~ - x -

v -

AL §

p ot e

'..\,‘

F— 3 L Ul S it Tl SRR
e N T T TR TR TN T AT T TR TR TR TR TR T T IR KR T R RO N R L 2% Bds $ha S AN b AR HAALES L LML L U AR A AN
A T & P FTRTTETRTD =7 =

. -
2

14
sy

X

L

Lilm

- v
L

N
TN,
«fe 5 h

I

¥
-~

: ema amam
PRGNS ” Wy
- r_-_’ak“ N o s

ool S Il

- 2

1o

7
Lam

B PR
)
s o f X
i-}- SR A

. v
P
'y v e
LR |

&

T,

Fi
g

]

.t

r
PRI

¥

e o LA e b
VXL T

fal

R R

il T |
z‘x. ’-‘ v

¥

B uu A Sat

lal.

TETX
T A

Ja

)
2y

PR e |
J'_‘ £

-~
Fata?

3




v a4 - e e o P - - - - - - - o - — - - A . R T e W e e e E IS AV
SRR et St PRI R P (R S S PITI St A AT L IR RIRTURY B DY A S I i PO RS J
T o L e N N R N T N A N PO R R . . PO NPENL IS T S PSR LEL D SRR A AN R

P
N
1
3
4
7

10

-«

LR ]

A L W m
A-N.‘_i.n
s
e
-~
‘-“" o"u‘ C- l
. P
T
N PR
—\l.i_l_a_l_l_“—l_‘d.l'_&_ﬂ.—&d—‘l—

«

o
A
-

>, .
w L . . . . f it
. . ¢
. Y
. L \ﬂd
g . : y . . : S
‘. et
, e
3 et
- L * . . . YA
' ° % 4
' W
. [
W- . . .
r, ! ¢ ¢ . ..--
] . L]
). L .m
W [
3 ‘
¢ [7)]
L . . 3
3 L * y . . :
mvk m _. ' ¥
* . . . . [ S
. 3 . x . ,
2 A ot
O
&)

< ) u * . ;
w‘ . . . . A ! .
2 . a ° :
¢ oX¢ _."
% * * * . o .
W- " m .
3 . z - 2 & w )
. b = 2 Z < b
3 . ] O ) B =)
< 3 & & £ =& .
p ¢ (5] g
: s ¥ 8§ § & &
3
. oS O < 2] M in
,.M. S c B D P D .

“y M da e 2o b o iy

. e ke s X v s ——— o

,
PR




”»
(l*"

. T

L)
’

" a_-e,

T
.

5 ( g
PR X _s_ A

T YT YL W
P 15
i ®
.

s "e

L e e i o
s

[ D

R ’r‘x;;-i—',»
-1 .

o u &y

T',
el vy

Yy YTerY
"!..]' ".‘:' LI

yrTY
avala e a

i M
Vet e

T
“ata

T
b

¢ Las

SUMMARY

This is a report on the in-kouse static-electricity measurements pro-
gram conducted by the U, S. Army Transportation Rescarch Command
{USATRECOM). Measurements were made at the Arclic Test Board,

" Fort Greely, Alaska; the Aviation Board, Fort Rucker, Alabama; and

the U. S. Army Transportation Materiel Command (USATMC) Flight
Test Office, Edwards Air Force Base, California,

The highest voltage accumulation was measured at the Arctic Test
Board, with downwash blowing snow in the rotor blade path, Personnel
from the Arctic Test Board report that conditions which produce maxi-
mum voltage accumulation in the Arctic were not encouniered.

Measurements made at Fort Rucker, Alabama, were of the same magni-

tude as those obtained during other measurements under similar con-
ditions.

The data obtained at Edwards Air Force Baoce, California, indicate that
there is a larger current generation and voltage accumulation during
operations in blowing dust than is experienced in relatively clear air,

The maximum voltage accumulation measured on this program was

200,000 volts, and the maximum charging current was 50 micrcamperes. .

CONCLUSIONS

It is concluded that:

1, Particles present in the air and coming in contact with heli-
copter rotor blades while the helicopter is in flight cause an
increase in the static-electricity charging current and result
in an increasec in the accumulated voltage on the helicopter,
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The maximum voltage and maximum charging current measured
in this program are not to be considered the maximum which
may be encountered. It would be unwise to expect that maximum
charging conditions were encountered during this short period.

- -

- -
e n "“_-\.-‘{.

LM A
a S T

r*TE T3 T -, RN
NORTRATIL R RN

Tal:" " o s"

.
et . -

- e -
-~

TR

PARNTNL A I

P

-

R a8
YT TE Y

a1

- . g
T T e e e

.

SRS o

'

§ AT

Ca

T A wse—wr—
PR S L I

KT

LI AN

F

1| T

- [
l'\’l‘;!a‘A

R
B J —
PR R 7 IR I PR

—— et e . e e
Catencanv i i ailty -t

)
k3
.

LR LW

LY, . .
PRSI R ]



Tra T A R WEET R T AN \“ .= !.;‘ LSl S LAY ) LAl Sl ] TR bt PG I AR A P A% S ISR AP Bl S SN W e U " T . v, ‘-"‘"3'1‘

x

%

~4

BACXGROUND %

The expanding role of the helicopter in military operations presents —

new probléms, one of which is the generation and accumulation oi static |

electricity by the helicopter while in flight. The helicopter is now being »
- used for external cargo operations and is required to be in the vicinity .
- of ground personnel and equipment while hovering. The presence of .
4 high electrostatic potentials on the helicopter during operations such as :-j‘:
. external cargo hookups, air-sea rescue work, etc., presents serious L
safety hazards. Electrostatic discharge in the form of an arc could q

cause injury to ground personnel performing ground hookups and to

persons involved in sir-sea rescue;inaddition, fuel vapors present in
the vicinity of the ¢ischarge arc could be ignited. Externally loaded :

cargc such as fuel, munitions, and electronic comporents may be ad- Lt
versely affected by the sudden discharge of electrical energy through "4
them. Verbal reports of injury to ground personnel and ignition of fuel s
slicks in the ocean have becn received. "

RairSa)

To date, considerable static-electricity work has been done through
USATRECOM contracts with Princeton University, Ccznell Aeronautical =
Laboratory, Inc. (CAL), and Kellett Aircraft Corporation. The majority - 4
of this work has been dirccted toward dzvising suitable rheans of dissi-
pating an accumulated static chzazge.

JLA

Sl Wit asaiaiers i) b
s
.

‘l .I ’l

- - -
Rt e

Since it is known that at.nospheric varietions affect the charging current RN

and voltage accumulations of helicopter:z i flight, it was dzcided to con- "“.i

duct zn in-house program to obtain more definitive infcrmation about T

, atmospheric effects on helicopter static elecivicity. The scope of this o

program wae increased in response to a ¥, S. Tontincntal Army Command b

request to support U. S. Army Airborne, Electionics and Special Warfare .

Board Project 1860 with information pertaimag (o maximum voltage accu- ;:;7'

' mulations on Army helicopters. N |
it "
: The data gathered during this program wil! have two primary uses: first, ::f*:
5 they will be used to assist in determining »ecquirements for discharge l::::
v:l systems, since charging current is of primary imt.ortance in establishing ::.]
[~ discharger capabilities; secondly, the voltage data will be used in con- ol
X junction with the capacitance of the helicopter to determine the amount of .:._!
- elcctrical energy available for discharge through an external load. ".:‘
o
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:-j: Although the data obtained to date irlicate that there are high voltage o
St accumulations and charging curren’s cn helicopters, measurements are ".‘
continuing in an effort to obtain data under more extreme conditions. :-“.:

‘-

o

DISCUSSION b

r-%

A

GENERAL

The locations of the helicopters of primary concern inthis program (H-37,
H-34, H-21, H-19, and HU-1} were determined and combined with the
information about the general atmospheric conditions of the locations.
Requests for support of the program were 3ent to installations where

the conditions of interest existed. In all r.ages, thesc requests were
favorably received.

Y | R

vt
& = ¢« & 2 noa

Commercial measuring equipment capable of meeting all the antici.

pated electrical requirements and suitable for airborne operations

could not be located. Some low-voltage measurzments were made with

a Kiethley Model 220 vacuum-tube voltmeter; a USATRECOM-developed
device employing concentric spheres with a Kiethley Model 600A electrom-
eter was used for higher voltage measurements. The current measure-

s "«'_{. R

f
oottt e

ey .
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LA AR AT/ A
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ments were taken with a -50, C, +50 microammeter. A typical test {:Q

~ setup employing the concen'ric spheres dzvice and the microammeter is :;
E~,: shown in Figure 1. The external ficld sensor built by CAL was used on .
f" the H-37B in addition to the equipment described above. This device
= does not require any connection to the ground and measures the electric .
;_: field created around the aircraft by the voltage accumulation on the air- F;

craft,

b . R
i ',:a
= Arctic Test Board Measurements 'L.:
) Measurements were made on the HU-1A, the H-21, the H-34, and ths »!
F. H-37B at the Arctic Test Board, Fort Greely, Alaska, during the period
= 14.24 March 1962. The temperature at Fort Creely ranged from -32¢F. e
o tn +19° F. during the testing period. No measurements were made in e
o falling snow; however, measursments were made with snow being blown o
' up by rotor downwash around the helicopter. Measurements were made o
L’.‘ on the H-37B employing the USATRECOM concentric spheres device, the ,..._
» » 2
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microammeter, and the CAL external field sensor. The maximum voltage
accumulation cbserved was during a hover over loose snow at the Fort

-

Greely airport, The aircraft was hovered approximately 25 feet above :::
the ground. Measurements indicating a -200, 000-volt charge on the air- t
craft were taken from the CAL field sensor prior to \he time that the :
ground line was dropped out of the cargo compartment door. A value _j

this high was not obtained after the ground line was dropped to the ground
screen because the concentric spheres device had a voltage breakdown
limitation of 166, 000 volts. Indications were that an arc-over occurred
between the spheres at this time. The maximum current was measured .
while the aircraft was hovering over a 5,440-foot mountain top. The air- .
craft was hovering approximately 10 icet above the mountain and was
blowing small amounts of loose, fine snow into the rotor blades. Current N
as high as 50 microamperes was measured. This value represents the :
‘highest current measured on an H-37 during the entire USATRECOM a

program. Additional readings were takcn on the helicopter at Fort Greely. .
(See Figure 2.)
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o SR SR
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Static electricity on the HU-~1A helicopter was measured with the vacuume- -
tube voltmeter and the microammeter both while the craft was hovexing .____ '

.

& over a frozen lake on which there were large amounts of loose snow and N
- while it was hovering over the airfield. The highest readings were ob- -
- tained over very loose snow with the aircraft moving continually to keep e
o the snow blowing in the rotor-blade path. The charging current reached {
: a maximum of 32 microamperes; the voltage, a maximum of approximately o
;:Z 30,000 volts. Numerous tests were conducted in an effort to determine the :_:
3 effectiveness of the ARC/44 transmitter as a means of dissipating static .
K- electricity (the HU-1A operating manual states that this transmitter may .
;‘_. be used to dissipate static electricity). The operation of this transmitter ~-
r“‘ appeared to have no effect on the charging rate or the accumulated voltage -»‘
o on the aircraft. o
o o
o A summary of the maximum voltage and current readings obtained in
;} Alaska is given in Figure 2. These data do not necessarily represent the ',-j:
C_ highest rcadings obtainable under arctic conditions; they are merely a :4
| listing of the aciual values obtained under the conditions found near Fort .
;’,: Greely during the time that these measurements were made. ;-'.
4
i:-; It appears that the presence of snow blowing through the rotors is 2 major )
af: factor in the charging rate and accumulation. Asctic Test Board personnel »
[ have verbally reported that voltages higher than those measured under this’ -
! program have been indicated by arcs during external hookups in periods of -::‘
o prolonged extremely low temperature. Such low-temperature conditions -
: were not experienced during the period 14-24 March 1962. -
i | o
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Army Aviation Board Measurements

Measurements were made at the U. S. Army Aviation Board, Fort Rucker, .
Alabama, during the period 9-13 April 1962. Aircraft on vhich measure- -
ments were made included the H-19, the H-21,.the H-34, the H-37B, the HU-1A"
and the HU-1B, The weather was clear,with the temperature ranging in the .
70's and 80's during measurements on all the helicopters except the H-34 .

- and H-19; for these, the temperature was in the 60's, The aircraft were i’

flown to a small landing strip near Fort Rucker, where the ground screen :

i was placed cver hard-packed clay. A very small amount of loose, red

clay was blowing around from the downwash while the H-37B was hovered

over the ground screen. Maximum readings are shown in Figure 2.

i TN P

USATMC Flight Test Office Measurements

P T
P

- =
. g

At Edwards Air Force Base, California, voltage and current were meas- \
ured on the HU-1, the H-21, the H-37, and the Marine Corps HUS-1 (which >
is comparable to the Armay H-34). Measurements were taken on all the
aircraft both over a concrete ramp and over the sand in the desert., During
the measurement period (6-12 May 1962), the weather was clear, "vith wmdl
from 10 to 20 knots and temperatures in the 50's to 70's. The maximum
vaiues obtained over the concrete ramp as well as those obtained over the .
"sand surface are shown in Figure 2,
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Some difficulty was experienced in blowing sand up into the rotor path, -
The aircraft were hovered as lew as 1 foot from the ground in an effort
to blew up as much sand as possible into the rotors. Pilots kave indicated

P*‘ that at times dust and dirt will blow up so that the grourd cannot he cb- -

t,‘, served from the helicopter. This was not experienced during the meas- -

% urement period.

-

- - h

- PRESENTATION OF DATA g

- :
{

Figure 2 is a summary of the data accumulated during the in-house pro-
gram described in this report. In many cases, the maximum voltage
accumulation is listed as two values for the same hLelicopter at a single
location. This is intended to point out variations in both voltage accumu-
lation and charging current as =tmospheric conditions are changed. These
| changes are noted in.the "remarks" column.
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It should be noted that one flight over blowing dirt at Edwards Air Force
Base indicates "'not measured" in the "voltage-accumulated' column,
This is a result of difficulties experienced in maintaining the conditiom
of dust blowing in the rotor path. The current was measured while an
attempt was made to create the blowing-dirt condition,

In the "“current! columnn, it should be noted that variations are indicated.,
These are due to variable readings and point out that steady values were
not always obtained. The indication of ''very low' points out that the
current is not of sufficient magnitude to be read from the meter. Ina
few cases, the current changed polarity, as indicated, and was usually
very erratic in its changing.

Al 7

»
."" g 'v' »

.’

2

IR
PR

r

R
« dh

oo
.‘

EAPS PR

LU

“fal "

<

v = o=
FY

e
T.'-Jt

1D

KRS

Contl gl ol g |
2 e

g o

-v_-r,]‘:

S e e w

IAPLIS P TS S




'
»
.
'
.l
L
)
‘\
.-
\
-

DISTRIBUTION

PPk A

USCONARC

USAATBD

USAAVNBD

USATMC (FTZAT), ATO
OCRD, DA

USAAVNS, CDO.
USAOMC’

SigBd

CofT

USATB

USATMC

USATTC

USATSCH

USATRECOM
USATRECOM LO, Wright-Patterson AFB
TCLO, USAABELCTBD
OUSARMA

USATRECOM LO, USARDG (EUR)
TCLO, USAAVNS

CNR

BUWEPS, DN

MCLO, USATSCH
USASGCA

Canadian LO, USATSCH
BRAS, DAQMG (Mov & Tn)
USASG, UK

Langley Rsch Cen, NASA
MSC, NASA

ASTIA

Commanding Officer, Marine Aircraft Group 36

o S PPN, S

e e
TIFTLESEN

oubgnannu-—--v-u

W

iy Do g R A I R T

-
—Q e N s e e s W e Y e

F ¥~ >l

TIM WNLE XA,

PR SN o =

« T OTTY ¥R Lt

10

a” A

—

s |

»
R~




4

-

P

U C i

-~ 2t

]
w
'y
_
9
;
.
v

“ata ¥

AL LR A R A e R S Tk S S RN

AW

B}

M

. . .
- ®r a - ‘»Ill§h.xl

3,8, g AT A4 A r A e LG L
T L YL _.A T

uoYITIOUSD
A31o123901d
-513%1§
~~sx03doogreN

s103doot1 8l
uo A319113
=derg dt1iels

UOTIBIOURY
A31oT1130013
~21383S

- ~g103dooT10}

s191dod1Tol
uo £37o113
-20713 o13®B1S

P

cld

W s T [T ST T 1w
Y AT A T e A o ‘ LI s i

Fox e
| R BONCHECI by PR DO S T S P S P

(zer0)

‘Ioyony 3I04 v pue ‘eyuzojyire) ‘oseg
99104 21y Spiemp3 e ‘exse(y ‘L1999
3104 3¢ sI193dodITay uo Ipew sS3ULIIN

-$BOW JUIIND pue $323IT0A AITILIIDAIT
-313v31s 1903dodyTeY 519405 3xo0dax Iyy

3xodex poryysseroun
A (24-29 *3dex
TeaTuYde3 JMPIL) ‘sn1rY *Touy ‘d ¢
229 sunpr ‘0;-L10-10-8€Y6 Asel uo ‘adax
WyIa3UI’31IQTRS ‘W sewer AQ ‘SINIVRUN
~SVIW ALIDINIDITI~DILVIS ¥AL4LOIT3H
eTutdITp ‘stisng 3xo4 “puewwo)
1 yoI=asay uoyiwyzodsuwxyl ALuay

(12340)

‘Jo%ony 3304 3Iv puw ‘wrurozyiv) ‘eseq
93104 11y spIvmpg 3¢ ‘wysely ‘A1ea19
3104 3¢ s133dooyioy uo apew sIUSWIAIN

«SEIW JUAIIND pue aJe3jyoa ALITOTIIDAS
~-313e31s I331douyTay sI3A0d 3x0dox ayg

"q10dex patztrsseioupn
(zL-29 *3idax
) TESTUY2aY JIPYDL) *SNITT “1dur °d 6
*Z °2z9 sunp’og~L10~T0-8€Y6 Ysel uo “3dax
wrIajuy “31aqras W sawer Aq 'SININ]UN
~SVIN. ALIDIYLITTI-D1IVLS ¥ILJ00ITIH
eTutdzrp ‘stasng ixof *pueuwo)

°1 yoxeasoy uoyriezxodsuexr) Auxy

FTIWRTE 4 i

LI N
» el e

et 2a?

PRI B

MOTIRISUY
A11o113001]
-d1301§
~=$103d0DTIOH

s103dodo 19y
uo £3101X3
-39713 211e1S

UOTIBISUIY
A3101130913
~dT3els
~»s193dodTT9H

sx91dooTTaly
uo £31071X3
~2913 d11R1S

Wir T TR
LS L S II Il

e Y

Wi, 7 v T T WL T T e T W T e SR e e s
et ‘t..n'ﬂv.m mnk.r-h PR Wa o ae s ar-.:‘

(xoA0)

‘IoyoNny 3X04 3¢ puw ‘syuroyrre) ‘sseg
95304 XYY spiemp3 31w ‘mysery ‘Areern
3104 3¢ s193dodYIToy uo opem sjuowIIN

~SESW JUITIND pue 93eIT0A LITITIIDATP
-313e31s X93dodY1T9Y sxaa0d xodox oyl

jx0dex pet3TFIEIOUN
{ze-29 *idox
TeOTUYS23 DJYDL) “snITT "rduy °d 6
*z “z9 ounp ‘0g-£10-10-8¢H6 Xsel uo ‘'idox
WYIouy “310QIdS ‘jy souwer £q *SINTNDUN
~SVIW ALIDINLIDTT3-D11VIS ¥3TdODITIH
eTUI3ITA “stasng 3log !pueuwuc)

D ¢ ysaxeassy uoylerzodsuva] Lary

(a940)

‘Ioxony 3104 3w puv ‘BIUIOITTE) ‘oswq
95104 1YV sprespd 3¢ ‘mysely ‘AL19e19
1104 3t siaidodTyey uo spem sIudwain

-SEaU JUIIIND pue o3eITCA AIYDTIXIOVND
~313e31s I33dooyray s1aaod jzodaxr oyp

jxodox patrjysseioun
(ze-29 *3dex
TedTUY233 JFYILl) “snirr 'touy *d 6
*z 29 sunp ‘0g-L10-TO-8SY6 NSel uo *3dox
wrrelu] ‘3IqTIdS ‘W sawer Aq SINTWTIN
=SV ALIDIULD3T13- DILVLS 43I40DIT3H
eTUI8xTA *srtasng 3xod 'pueuwo)

1 yoaeasay uorieiriodsueay Auay

L] < T
R o VL BLIGR




¥ a Al Al T m et et wl du” T s e AT LA KA Ao Te.%e "a e Ta R D Ao Frs e T T Be X e Ta TATTETW LT CuF AT ATl ALADE Xk - BeTamT A B kAl ST bl el B el A T L e e e PR §

*soxedureoxdTa 0§ pu® $3710A 0007002 *soxodueoxdTW (S PUv SITOA 000°002 ;
OI9M PRINSETIM JUSIIND puB 93XITOA WNUIXVW 9Y] ‘wweqely 0I3m pIINSEOW JUINXIND pUe IVITOA WnWIXEW BY] °‘wVURQELY .

*sezoduvoldyw 05 ‘pue $3IT0A 000° 002 *saledueold>™ (0§ pue $ITOA 000°002 5
3194 POINSWOW JUOIIND DUT OFWITOA WNWIXEW L ‘BURQRIY  OX0M PRINSESW JUATIND pue SZeITOA WNWIXEW Oyl ‘vweqely "

P T I T T L e ST Sy O Qe e wc - vy

EC AT ROE Ak . P aladl Wt e e e Ly Ty e e

L PO R L ) oL av o LIRS - ORI Rt W e
Ty T .

Y 3G LA
IOV A )

1
AR o
LN 4 M - ¥ ldh Au t!

¥




e T
i

F.

e

ol

X

T L VI N N e v

- e

TR Bl M

»

LIS Ao W
- . '

k)

RIS B ECANALERARRY |G I 1 ASDIANICIANY  TIENENEN

- (x940)

‘xoxony 3104 1w puw ‘sTUIOITTE) ‘Oseg
90104 XYY spIempz I¥ ‘myseyy ‘Areoxn
x4 1w sxeidooyrst uo operw sjusworn

~feoUW JUSXIND puw 93NW3TOA AITSTIIVOTS
=d131838 181dodYTey $2940d 3r0dex ayy

MO TIVIONE ) avrodar peryrvssersup
£3137239013 “(2L-29 °idsx
-27393¢ TEITUYI3] IMYDL) “emITY °*Touy °d ¢
~~$291do>T18H 229 3unL ‘0s-L10-T0-85U6 %Sel uo 3dax

WYIAIUI*II3QTaS ‘W saudp Aq 'SINFNTUN

“SYIW ALIDINIDFTA-D1LAVLS ¥ALJO31TaH

eIUT8ITA °syasng 3104 “ pueunzor)
Yo1eas3y uoryvyrodsuea) Auxy

* sa13idoayrey
o £370113
=9973 J1IRig 'Y

(x940)

‘Ioxony 3104 3w puw ‘vrurozYIe) ‘aseg
93304 ITV Spismp3 ¢ ‘exsery ‘Aisaxn
3104 3® siajdooyrey uo apew sjuswarn
-SEIW JUILIND pue 93ejoa L31rd31Idars
-2T01s 1310ITLIY ST predas gy

WOIIvILUI 310dd1 patjyysseroun
L3worxidery (eL-29 *3dax
~d13Ee1g 1827UYd33 GmDL) "sniry *1ouy °d ¢
~-$I03dodYI9N *Z 29 Sunp’og-LT0~10-35UG NS¥L uo ©3dox
WE123U; "319qTag W sauwepr £q *SINTIDUN
sxo3dostroy “SYIN ALIDIYLIOWTI-DILVLS ¥ILJODITaH
uo A37o113 erutdiyp ‘stisng 3103 * pureuwon

=2973 211%3S °Y Yoreasay uoriwizodsuery Auxy

LTI Rl I e AN LTt a ks N A 2 lal s A LR LS e .

UoYIRISUIY
A3131230913
-21381g
~=$193dod112H

s19adooyray
uo £31o1I3
=3913 d13e38

uoTINIIUIY
A3197239913
=213e18
-sx93doo1T9Y

sxo3doorTey
uo £315113
=3&13 d13ElS

SEEE. . A e P vy . m. mmmEa &

(2940) .

‘zoxony x04 Iv puw ‘BYUI0IYIE) ‘osug
93304 YV spiempy 3¢ ‘wysery ‘Lrooan
3x04 3w sx93dodTToY UO Spww sjudmoIn

~SET3U JUPXIND puv aBeITOA AIYOTI3070
=973¥ls 103dodYT9Y sx0Aud 3xodez sy

3x0dax paryysseyoup
(24-29 *adea
TBOTUYDA3 DYIL) °*sarry *your <d ¢
"z ‘29 sunf '0£-£10-10-85¥6 ASEL uo *3dez
WYISIUY “I19qY3S ‘W sowep Aq ‘SINTUN
“SVAW AL1DI¥1D313-D11VLS ¥ILJ0DI13NH
BIUTZITA ‘sT3ISng 3194 ! pueurz0)
) | OIedsay uorivayodsuez] Amry

(20a0)

‘I9)ony 3104 3¢ puw ‘eruroyrIre) ‘oseg
83104 XTYy sSpiemp3 e 'exsuly ‘L1eaxn
3104 e s1a1dodYray un Iprm sjusmozn

~Se3w JuarIny pur el oA L3rorr1dara
*DIITIT 2ATTODTIRY ST 3aadax =331

310dax poIFISSeIOUp
(zL-29 *adex
Te2YUYd33 DY)1) °*snryy *touy *°d ¢
*Z ‘29 sunp ‘0¢-/10-10-8EU6 XseL uo *3dox
WYI9UT “I13QYIS ‘K sawsl £q ‘SINTWTYN
“SYIW ALIOIN1OITI- D11IVIS ¥ILODITaH
eTurdaTy ‘srIsng 3104 ‘puewuo)

1 Yo1e3say uorielzodsuer] Away

. 2"y ) K
. A .
. 'm PR RN

o % £ ¥ %
(AT SN G G S

PR




OI0M POINSEOM 3UIXIND puz IBeIToA wnuixwu syl ‘eweqely SI9M PRINSETIM JULIIND pur 23vI[OA umuiYewm Y[ ‘sweqery

LY

s sozeduwoxdTw 05 pus $ITOA 000°002 ‘sexodurordm 0§ pue SITOA 000°002
2XI0M POINSEOU JUIIIND pus o¥T3FI0A WnUIXEW [l ‘EBWEqEIY 91om painseow JuUIIIND pue ZeI[OA wnmyXew Yl EWEJEIV

T T L nY

Ty ~

,.ﬁl.l.u.«..‘

v [ AL

i ML B eSO O B PRSI TGP CARIADI g UEORLELERPRINERD S VAT VDL AL IEAEIE R | (RSO RSP RACERIOIAR.1 LRSI S TIPS LR E g
v -
.
sseaodireodI® (S PU® SITOA 000°002 *goxocreord Yt 05 pue sSITOA 000°002




